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Analysis of 36 individuals over age 60 years who were im-

munized with Zostavax revealed varicella zoster virus (VZV)

DNA in swabs of skin inoculation sites obtained immedi-

ately after immunization in 18 (50%) of 36 subjects (copy

number per nanogram of total DNA, 28 to 2.1 3 106) and in

saliva collected over 28 days in 21 (58%) of 36 subjects (copy

number, 20 to 248). Genotypic analysis of DNA extracted

from 9 random saliva samples identified vaccine virus in all

instances. In some immunized individuals over age 60, vac-

cine virus DNA is shed in saliva up to 4 weeks.

Varicella zoster virus (VZV) is a neurotropic alphaherpesvirus.

Primary infection usually causes varicella (chicken pox) in

children. Airborne VZV enters the nasopharynx and replicates in

tonsillar T cells followed by viremia and skin lesions [1, 2]. After

primary infection, VZV becomes latent in neurons of cranial

nerve ganglia, dorsal root ganglia, and autonomic ganglia along

the entire neuraxis. Decades later, VZV reactivates in elderly and

immunocompromised individuals to produce zoster (shingles),

a syndrome characterized by pain and a vesicular rash on an

erythematous base in 1–3 dermatomes. Zoster is common, with

�1,000,000 cases annually in the United States. Importantly,

zoster is often followed by chronic pain (postherpetic neuralgia

[PHN]) as well as by meningoencephalitis, cerebellitis, cranial

nerve palsies, vasculopathy, myelopathy, and multiple in-

flammatory diseases of the eye [3].

To prevent zoster and its attendant neurological complica-

tions, Zostavax vaccine (Merck) was approved by the Food and

Drug Administration for use in individuals at least 60 years of

age. Over a 3-year period, Zostavax effectively reduced the risk

of zoster by 51% and PHN by 66% in nearly 20,000 healthy

adults age 60 years or older [4]. Zostavax contains live attenu-

ated VZV, and the package insert warns newly vaccinated in-

dividuals to avoid contact for an unspecified time with newborn

infants, immunosuppressed individuals, and pregnant women

who have not had chicken pox or have not been immunized for

chicken pox. Because VZV DNA is present in saliva of zoster

patients for at least 2 weeks [5] and VZV in saliva can also be

infectious [6], we examined the inoculation site and saliva of

Zostavax-vaccinated subjects for the presence of VZV DNA for

4 weeks after immunization.

METHODS

After informed consent and with approval of the University of

Texas Health Science Center’s Institutional Review Board, 36

immunocompetent subjects (19 men and 17 women), age 60–89

years (mean 6 SD, 71.1 6 7.6 years) were inoculated in-

tramuscularly in the deltoid area with Zostavax (Merck).

Skin. Skin over the inoculation site was disinfected with al-

cohol before but not after immunization. Within 10 minutes

after immunization, the inoculation site was swabbed with

a cotton-tipped applicator (Fisher Scientific), and the skin swab

sample was immediately placed in 1 mL nuclease-free sterile

water overnight at 4�C and concentrated to 200 lL with a Mi-

crosep 100 K filtration unit (Filtron Technology Corporation)

by centrifugation at 8000 rpm for 30 minutes. Samples were

stored frozen at 220�C until processed for DNA extraction as

described below.

Saliva. On day 0 before immunization and on days 1–3, 7, 14,

21, and 28 after immunization, saliva was collected upon arising

and before eating or drinking using a Salivette tube (Sarstedt

Inc). The polymerase chain reaction (PCR) technologist was

blinded to the source of all saliva samples. Saliva was processed,

and DNA was extracted and quantified by real-time PCR using

Taqman 7900 (Applied Biosystems) as described elsewhere [7].

All PCR assays were performed in triplicate. VZV DNA copy

number was determined by comparing the cycle threshold value

(Ct) of the test samples to Ct values obtained by PCR on dilu-

tions of VZV DNA extracted from virus nucleocapsids [8]. The

Received 23 November 2010; accepted 1 January 2011.
Potential conflicts of interest: none reported.
The views included in this report are those of the authors and do not necessarily represent

the views of the Centers for Disease Control and Prevention.
Correspondence: Don Gilden, MD, Department of Neurology, University of Colorado School

of Medicine, 12700 E 19th Ave, Box B182, Aurora, CO 80045 (don.gilden@ucdenver.edu).

The Journal of Infectious Diseases 2011;203:1542–5
� The Author 2011. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com
0022-1899 (print)/1537-6613 (online)/2011/20311-0007$14.00
DOI: 10.1093/infdis/jir139

1542 d JID 2011:203 (1 June) d Pierson et al



sensitivity of detection was 10 copies of VZV DNA per nano-

gram of salivary DNA. A Ct value .35 indicated the presence of

VZV DNA but at a concentration too low to quantify. Such

values are noted as ‘‘1’’ on Table 1 followed by the Ct number.

DNA extracted from 9 random saliva samples was analyzed for

single nucleotide polymorphism sites in VZV open reading

frames 38, 54, and 62 using real-time PCR as described

elsewhere [9–11].

RESULTS

Inoculation site samples taken within 10 minutes after vacci-

nation were positive for Zostavax VZV DNA in 18 (50%) of 36

subjects. The VZV DNA copy number per nanogram of total

DNA ranged from 28 to 2.1 3 106 (Table 1), possibly reflecting

the presence of infectious virus since no alcohol or other agent

was used to wipe the skin after inoculation.

Table 1. VZV DNA at Skin Inoculation Sites and in Saliva After Immunization With Zostavax Vaccine

Age sex Skin swab Saliva before immunization

Saliva after immunization, days

13 7 14 21 28

65 F 366 (28)a 0 193 (32) b 100 (32) 30 (33) 1c (36) 0

84 M 1 (38) 0 0 0 0 0 0

84 F 0 0 64 (30) b 26 (35) 53 (26) 1 (36) 0

66 F 28 (33) 0 0 0 0 0 0

61 M 1 (35) 0 1 (37) 56 (28) b 0 68 (29) 0

71 F 0 0 1 (36) 31 (33) 1 (38) 1 (37) 0

71 F 0 0 167 (32) b 34 (29) 0 0 0

62 M 0 0 0 0 0 0 0

64 F 0 0 0 0 0 0 0

65 F 1 (39) 0 0 0 0 0 0

63 F 1178 (22) 0 0 0 0 0 0

66 F 0 0 47 (29) 30 (32) 53 (31) 1 (38) 0

66 M 1 (39) 0 110 (31) 97 (27) b 0 20 (34) 0

75 F 1 (39) 0 111 (32) 44 (29) 31 (32) 0 0

67 M 0 0 248 (32) 22 (34) 0 0 0

65 F 112426 (24) 0 0 0 0 0 0

83 F 0 0 0 0 0 0 0

70 F 0 0 58 (31) 117 (30) 24 (34) 0 1 (39)

64 F 0 0 0 0 0 0 0

76 M 1 (38) 0 79 (28) 1 (36) 0 0 0

60 M 2124138 (18) 0 150 (28) 1 (35) 1 (35) 0 0

69 M 0 0 67 (29) 1 (35) 0 24 (34) 0

73 M 262 (32) 0 40 (34) 1 (36) 0 1 (38) 0

89 M 1 (38) 0 0 0 0 0 0

79 M 1 (39) 0 57 (32) b 1 (36) 0 0 0

77 F 0 0 0 0 0 0 0

66 M 1 (38) 0 1 (38) 27 (33) 80 (29) 0 0

72 M 0 0 0 0 0 0 0

85 M 0 0 1 (37) 47 (30) b 117 (30) 0 0

79 F 0 0 1 (39) 22 (29) 0 0 0

70 M 207 (27) 0 0 0 0 0 0

70 M 40191 (27) 0 1 (35) 30 (34) 0 0 0

76 M 19602 (31) 0 30 (34) 111 (33) b 67 (32) 36 (28) 0

69 F 0 0 0 0 0 0 0

62 M 0 0 0 0 0 0 0

77 M 0 0 50 (32) b 1 (36) 44 (32) 1 (38) 1 (35)

No.positive/total 18/36 0/36 21/36 21/36 11/36 10/36 2/36

Percent positive 50 0 58 58 31 28 6

Note. a VZV DNA copies per nanogram total DNA (Ct value).
b Vaccine strain VZV DNA verified.
c VZV DNA present, but too few copies to quantify.
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No saliva specimen collected immediately before immuniza-

tion contained VZV DNA. During the first week after immu-

nization, VZV DNA was detected in saliva of 21 (58%) of 36

subjects (13 men and 8 women). During the 28-day study pe-

riod, VZV DNA was found in 11 (31%) of 36 subjects (5 men

and 6 women) at day 14, in 10 (28%) of 36 subjects (6 men and 4

women) at day 21, and in 2 (6%) of 36 subjects (1 man and 1

woman) at day 28. Figure 1 shows the percent of immunized

subjects who shed VZV DNA during the 28-day study period.

VZV DNA copy numbers per nanogram of total DNA ranged

from 20 to 248 (Table 1). Genotypic analysis of DNA from 9

random saliva samples revealed vaccine virus DNA in all in-

stances (Table 1, bold); wild-type VZV DNA was not detected.

In 15 (42%) of 36 vaccine recipients (6 men, 9 women), VZV

DNA was not detected in saliva at any time during the 28-day

study period.

DISCUSSION

In 2006, Zostavax vaccine was approved by the Food and Drug

Administration and recommended by the Advisory Council for

Immunization Practices for use in healthy individuals over 60

years of age. The development of a vaccine to prevent zoster is

a major step in reducing the morbidity associated with this

important public health threat. Transmission of the Oka/Merck

strain of VZV has been reported after chicken pox vaccination

[12, 13], but not after Zostavax immunization [13].

Herein, we detected Zostavax VZV DNA sequences in 18

(50%) of 36 skin swab samples taken within 10 minutes after

immunization. We also detected Zostavax VZV DNA sequences

in saliva of 21 (58%) of 36 subjects throughout the first week

after immunization and in 6% of immunized subjects at 28 days.

The detection of VZV DNA in saliva is one more indication of

its potential use in diagnosis of VZV persistence in various

clinical situations. VZV DNA has been found not only in saliva

of patients with zoster at all levels of the neuraxis [5] but also in

saliva of asymptomatic astronauts [7].

Importantly, earlier studies revealed the presence of wild-type

VZV in the vesicular fluid of a patient with zoster who had been

immunized twice with varicella vaccine [14] and the presence of

2 different VZV genotypes isolated from an immunocompetent

man during 2 different episodes of zoster [15]. These findings

revealed that a superinfecting VZV became latent. Although

we did not study latency, our finding of VZV vaccine virus in

saliva supports the notion that a superinfecting VZV spreads

systemically.

Finally, while transmission of vaccine virus has not been

found among vaccine recipients, the detection of VZV DNA in

saliva of Zostavax recipients for up to 28 days suggests that

contact with saliva of recently immunized individuals represents

a potential source of transmission. Because astronaut saliva

contains infectious virus [6], saliva (and skin) of immunized

individuals should also be studied for infectious virus.
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